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ABSTRACT
       
  In vitro liquid culture of three Scutellaria species (S. lateriflora, S. 
costaricana and S. baicalensis) compared growth on different culture systems;
agar and liquid cultures; stationary (LS), agitated LA) and floating paper (FP).  
Fresh (FW), dry (DW) and % dry weights (%DW=DW/FW), multiplication ratio 
(MR) and, sucrose, media and water use were compared. LA and LS plantlets 
were more hyperhydric, had more biomass, except S. baicalensis in LS, and less 
MR compared to agar and FP plantlets. A second experiment was conducted 
comparing liquid, agar and polyester fiber matrixes at different initial media 
volumes-30 mL and 20 mL. Similar responses compared with addition of 
hyperhydricity (visual assessment). F20 plantlets had higher % DW for all 
species. Plantlets from LS were all hyperhydric. Agar and fibers grown plantlets 
had higher MR and were less hyperhydric compared to LS plantlets. Fiber matrix 
prevented hyperhydricity and provided greater % DW with higher MR. 
iv
ACKNOWLEDGEMENTS            
First, I would like to thank my advisor Dr. Jeffrey W. Adelberg for his 
support and help in improving myself in this subject and giving me this 
opportunity. Secondly, I would like to thank Dr. Anand K. Yadav giving me this 
opportunity to work in this area and for providing the financial assistance via 
USDA-CSREES Research project, 2002-02989 (award # 2002-38814-12612) of 
the Fort Valley State University. In addition, I would like to thank Dr. Douglas 
Bielenberg, Dr. Nirmal Joshee, Dr. Joe Toler and Dr. William C. Bridges for all 
their help and thoughts. I also want to thank my son Murat Ibrahim Tascan and 
my husband Dr. Mevlut Tascan for always being there for me and always 
supporting me. As well, I would like to thank my husband helping me with the 
research.
           I would like to dedicate this work to my mother and father Ayse and 
Ibrahim Saglam. 
vi
TABLE OF CONTENTS
Page
TITLE PAGE   ....................................................................................................    i
ABSTRACT.........................................................................................................  iii
ACKNOWLEDGEMENTS ................................................................................   v
LIST OF TABLES .............................................................................................. ix
LIST OF FIGURES ............................................................................................  xi
PREFACE ...........................................................................................................  xv 
CHAPTER
           1. LITERATURE REVIEW ....................................................................    1  
                    1.1 Scutellaria spp ..........................................................................    1
                    1.1.1 Scutellaria baicalensis ...........................................................    3
                    1.1.2 Scutellaria lateriflora .............................................................    6
                    1.1.3 Other Scutellaria species .......................................................    7
                    1.2 Tissue Culture ...........................................................................    8
                    1.2.1 Carbohydrate source ..............................................................    9
                    1.2.2 Hyperhydricity .......................................................................  10
                    1.2.3 Tissue culture of Scutellaria baicalensis ...............................  11
                    1.2.3.1 Aseptic seed culture and induced Tetraploids ....................  12
                    1.2.3.2 Adventitious shoot formation .............................................  12
                    1.2.3.3 De novo shoot formation .....................................................  13
                    1.2.3.4 Application of somatic embryogenesis ...............................  15
                    1.2.3.5 Callus, protoplast and cell suspension ................................  17
                    1.2.4 Tissue culture of Scutellaria lateriflora and other 
                                 Scutellaria species .............................................................  18
                     1.3 Objectives ................................................................................  19
           2. PHYSICAL STATE IN VITRO ALTERS BIOMASS AND
                   QUALITY OF SCUTELLARIA LATERIFLORA, 
                   SCUTELLARIA COSTARICANA AND SCUTELLARIA
                  BAICALENSIS ..................................................................................  31
viii
Table of Contents (Continued)
Page
                 Introduction ........................................................................................  31
                 Materials and Methods .......................................................................  34
                 Results and Discussion ......................................................................  36
                 Conclusions ........................................................................................  39
           3. POLYESTER FIBER EFFECTS ON HYPERHYDRICITY                                  
                   OF SCUTELLARIA LATERIFLORA, SCUTELLARIA
                   COSTARICANA AND SCUTELLARIA BAICALENSIS
                   IN LIQUID CULTURE ...................................................................  47
                 Introduction ........................................................................................  47
                 Materials and Methods .......................................................................  50
                 Results and Discussion ......................................................................  53
                 Conclusions ........................................................................................  56
CONCLUSIONS .................................................................................................  69
APPENDICES ....................................................................................................  71
           A: Fiber Characteristics ...........................................................................  73
           B: Growth Response of Scutellaria Lateriflora .......................................  75
           C: Growth Response of Scutellaria Costaricana .....................................  79
           D: Growth Response of Scutellaria Baicalensis ......................................  83
REFERENCES ...................................................................................................  87
  
             
LIST OF TABLES
Table                                                                                Page
1.1- Scutellaria species, distribution and phytochemical characteristics ...........  21
1.2- Quantitative comparisons of three different phenolic
           compounds (baicalin, baicalein, wogonin)  in field and
           in vitro grown Scutellaria baicalensis (Values are based
           on % Dry weight) .....................................................................................  27
2.1- Effect of different growth conditions on Scutellaria
          lateriflora plantlets ...................................................................................  40
2.2- Effect of different growth conditions on Scutellaria
           costaricana plantlets ................................................................................  41
2.3- Effect of different growth conditions on Scutellaria
           baicalensis plantlets .................................................................................  42
A-1- Different fiber characteristics for the nonwoven fabrics used in 
            tissue culture experiments .......................................................................  73
x           
LIST OF FIGURES
Figure                                                                                    Page
1.1- Chemical structure of baicalin, baicalein and wogonin..........................   3
2.1- Growth response of Scutellaria lateriflora on different 
    physical growth conditions................................................................. 43
2.2- Growth response of Scutellaria costaricana on different 
      physical growth conditions................................................................. 44
2.3- Growth response of Scutellaria baicalensis on different 
    physical growth conditions…………………………………………. 45
3.1- Hyperhydricity scale for Scutellaria species (S. lateriflora, 
    S. costaricana and S. baicalensis)………………………………….. 58
3.2- Fresh weight of Scutellaria lateriflora plantlets on agar,
    fiber and immersed liquid over 8 weeks in vitro…………………… 59
3.3- Dry weight of Scutellaria lateriflora plantlets on agar, 
    fiber and immersed liquid over 8 weeks in vitro…………………… 59
3.4- Percent dry weight of Scutellaria lateriflora plantlets 
    on agar, fiber and immersed liquid over 8 weeks in vitro………….. 60
3.5- Multiplication ratio of Scutellaria lateriflora plantlets 
    on agar, fiber and immersed liquid over 8 weeks in vitro………….. 60
3.6- Hyperhydricity of Scutellaria lateriflora plantlets on agar, 
    fiber and immersed liquid over 8 weeks in vitro…………………… 61
3.7- Water use by per Scutellaria lateriflora plantlets on agar, 
    fiber and immersed liquid over 8 weeks in vitro…………………… 61
3.8- Fresh weight of Scutellaria costaricana plantlets on agar, 
    fiber and immersed liquid over 8 weeks in vitro…………………… 62
            
xii
List of Figures (Continued)
Figure Page
3.9- Dry weight of Scutellaria costaricana plantlets on agar, 
    fiber and immersed liquid over 8 weeks in vitro…………………… 62
3.10- Percent dry weight of Scutellaria costaricana plantlets on 
    agar, fiber and  immersed liquid over 8 weeks in vitro…………….. 63
3.11- Multiplication ratio of Scutellaria costaricana plantlets on 
   agar, fiber and immersed liquid over 8 weeks in vitro……………… 63
3.12- Hyperhydricity of Scutellaria costaricana plantlets on agar, 
    fiber and immersed liquid over 8 weeks in vitro…………………… 64
3.13- Water use by per Scutellaria costaricana plantlets on agar,
    fiber and immersed liquid over 8 weeks in vitro…………………… 64
3.14- Fresh weight of Scutellaria baicalensis plantlets on agar, 
    fiber and immersed liquid over 8 weeks in vitro…………………… 65
3.15- Dry weight of Scutellaria baicalensis plantlets on agar, 
   fiber and immersed liquid over 8 weeks in vitro…………………… 65
3.16- Percent Dry weight of Scutellaria baicalensis plantlets 
    on agar, fiber and immersed  liquid over 8 weeks in vitro………… 66
3.17- Multiplication ratio of Scutellaria baicalensis plantlets on 
    agar, fiber and immersed liquid over 8 weeks in vitro……………… 66
3.18- Hyperhydricity of Scutellaria baicalensis plantlets on agar, 
    fiber and immersed liquid over 8 weeks in vitro…………………… 67
3.19- Water use by per Scutellaria baicalensis plantlets on agar, 
    fiber and immersed liquid over 8 weeks in vitro…………………… 67
B-1-    Growth response of Scutellaria lateriflora at week 2 
                on agar (A), liquid culture (B), fiber 20 (C) and fiber 30 (D) ……… 75
B-2-    Growth response of Scutellaria lateriflora at week 4
              on agar (A), liquid culture (B), fiber 20 (C) and fiber 30 (D) ..……..  76
xiii
List of Figures (Continued)
Figure Page
B-3-    Growth response of Scutellaria lateriflora at week 6
                on agar (A), liquid culture (B), fiber 20 (C) and fiber 30 (D) ………. 77
B-4-    Growth response of Scutellaria lateriflora at week 8 
                on agar (A), liquid culture (B), fiber 20 (C) and fiber 30 (D) ………. 78
C-1-    Growth response of Scutellaria costaricana at week 2 
                on agar (A), liquid culture (B), fiber 20 (C) and fiber 30 (D) ………. 79
C-2-    Growth response of Scutellaria costaricana at week 4 
                on agar (A), liquid culture (B), fiber 20 (C) and fiber 30 (D) ………. 80
C-3-    Growth response of Scutellaria costaricana at week 6 
                on agar (A), liquid culture (B), fiber 20 (C) and fiber 30 (D) ………. 81
C-4-    Growth response of Scutellaria costaricana at week 8 
                on agar (A), liquid culture (B), fiber 20 (C) and fiber 30 (D) ………. 82
D-1-    Growth response of Scutellaria baicalensis at week 2 
                on agar (A), liquid culture (B), fiber 20 (C) and fiber 30 (D) ………. 83
D-2-    Growth response of Scutellaria baicalensis at week 4 
                on agar (A), liquid culture (B), fiber 20 (C) and fiber 30 (D) ………. 84
D-3-    Growth response of Scutellaria baicalensis at week 6 
                on agar (A), liquid culture (B), fiber 20 (C) and fiber 30 (D) ………. 85
D-4-    Growth response of Scutellaria baicalensis at week 8
                on agar (A), liquid culture (B), fiber 20 (C) and fiber 30 (D) ………. 86
xiv
PREFACE
           
Medicinal plants have been used worldwide for centuries. Tissue culture 
helps to provide plants with standard clones in pest and disease-free conditions. 
Scutellaria genus is in the Lamiaceae family with over 300 spp., many known as 
medicinal plants. This manuscript reports response of Scutellaria species (S. 
lateriflora, S. costaricana and S. baicalensis) in different in vitro liquid culture 
conditions. In this manuscript, (i) three species were assessed in a variety of 
physical environments, (ii) factors that limit plant quality were determined and 
(iii) a common liquid culture environment defined for mass propagation of three
Scutellaria species.
           In first part of the manuscript — “Physical state in vitro alters biomass and 
quality of Scutellaria lateriflora, Scutellaria costaricana and Scutellaria 
baicalensis plantlets”—we observed whether factors beyond the chemical 
constituents of the media affected plant growth and quality. Plantlets immersed in 
the liquid culture had higher biomass, fresh weight (FW) and dry weight (DW), 
but had higher hyperhydricity and lower quality, compared to plantlets kept in the 
gaseous phase (agar and floating paper). These results led to our second 
experiment; — “Polyester fiber controlled hyperhydricity of Scutellaria species in 
vitro liquid culture systems”.  In second chapter observations were made that 
hyperhydricity was affected by the position of plant on the interface of gas and 
liquid media. Plantlets immersed in the liquid culture were all hyperhydric for all 
xvi
species. Plantlets in fiber (fiber 20) had significantly higher DW percentage 
((DW/FW)*100) and lower hyperhydricity. We conclude that liquid culture gives 
more hyperhydric plantlets, immersing plantlets reduced plant quality, and 
maintaining plants at liquid interface controlled hyperhydricity. 
CHAPTER ONE
LITERATURE REVIEW
1.1. Scutellaria spp.
Scutellaria is a genus in the Lamiaceae family with over 300 species 
(Joshee et al. 2002), which has been extensively used in the traditional medicinal 
systems of China, India, Korea, Japan, several European countries and North 
America. Scutellaria species are hardy and non-hardy annuals, herbaceous 
perennials and subshrubs that grow under full sunlight, in well-drained soils with 
limited nutrient status in field conditions (Joshee et al. 2002). They can be used as 
garden flowers, medicinal plants or culinary herbs (Nishikawa et al. 1999a). 
Scutellaria species are almost pest and disease-free. They are established from 
seeds and cuttings (Joshee et al. 2002). 
Scutellaria has the common name “Skullcap” that describes its calyx-
shaped sepals, which is located at the base of flowers that have two lips, the upper 
lip becomes the hood and the lower lip becomes two shallow lobes. Complete lips 
give a shape, which looks like miniature medieval helmet (Joshee et al. 2002, 
Native American Botanicals 2004). Some people might be frightened by the name 
“Skullcap” (Moss 2004); however, it does not have any health hazards (PDR 
Medicinal Plant 2001).
           Medicinal plants and medicinal plant products have been used extensively 
as pharmaceuticals to prevent diseases (Zobayed et al. 2004). Scutellaria is an 
2important traditional medicinal herb used globally (Table 1.1). Chinese healers 
prepare medicine using the root of S. baicalensis as an anti-cancer agent [prostate, 
stomach and thyroid (Table 1)]. However, American herbalists use the aerial parts
of S. lateriflora to prepare medicine and use against general cancers and anxiety 
disorders (Table 1); (Moss 2004). 
Scutellaria species contain essential oils (having monoterpenoids, 
sesquiterpenoids, phenylpropane derivatives and iridoid glycosides constituents);
(Hernandez 1999) and phenolic compounds. These phenolics are either 
glucuronide type (which has glucose attachment at the methoxyl or hydroxyl 
group at different position on the aromatic ring, such as baicalin, wogonin-7-O 
glucuronide) or aglucuronide type (which does not have glucose at the hydroxyl 
or methoxyl group such as baicalein, wogonin); (Figure 1.1; Loon 1998); 
(Nishikawa et al. 1999b). Baicalin, baicalein and wogonin are the major flavonoid 
compounds for S. baicalensis and S. lateriflora. Many phenolics have anti-
oxidative, anti-carcinogenic, anti-mutagenic, anti-bacterial, and anti-inflammatory 
effects. It has been shown that baicalein and baicalin have antioxidant capacity 
(Heo et al. 2004). In addition, baicalein has direct scavenging effects on 
superoxide radicals (Shao et al. 1999). Table 1.1 represents twenty-one species 
and five subspecies of Scutellaria, their distribution, usable plant part, bioactive 
compounds and pharmacological uses.
3.
Figure 1.1 Chemical structures of some of the flavonoids in Scutellaria species
1.1.1. Scutellaria baicalensis
           Scutellaria baicalensis Georgi has been used as a medicinal plant for over 
2000 years in China and Japan (Zobayed et al. 2004). Scutellaria baicalensis is 
named as “Golden Root” (or Baikal Skullcap) because of its flavonoid rich root, 
which gives the yellow color. The root contains baicalin, baicalein, and wogonin 
along with 31 other   isolated flavonoids (Loon 1998). Scutellaria radix is a dried 
and peeled root preparation of S. baicalensis (Tani et al. 1985). A metabolic 
analysis of S. baicalensis shows that it contains more than 2000 compounds and 
781 are putatively medicinal (Murch et al. 2004).  
Recommended oral dosage range of S. baicalensis is 5-15 g of dried root 
per day (Loon 1998). High performance liquid chromatography (HPLC) 
techniques analyze thermally unstable molecules or the molecules that have an 
affinity to ionize in solutions (Gray 2000). This is the most widely used technique 
to analyze flavonoids due to their polarity and low volatility (Horvart et al. 2005). 
Scutellaria baicalensis from different parts of the plant analyzed with HPLC 
4analysis techniques and plant yielded different flavone distribution based on 
percent dry weight. Cortex–phloem and xylem had baicalin 3-6 times greater than 
the outer and inner layer in most tissues. Baicalin was uniformly distributed in all 
parts of the root (10 % DW), but reduced in shoot (5% DW); (Table 2.1). Leaf 
and flowers only had traces of baicalin (glucuronide). Baicalein and wogonin 
(aglucuronide) were mostly found in thinner feeder roots at the distal root tips and 
adventitious roots proximal to the crown (Tani et al. 1985). Plant secondary 
products have been used to cure illnesses; however, it is important to consider that 
genetic identity, growth conditions, harvesting process and extraction process 
effects plant secondary product yield (Nalawade and Tsay 2004). Additionally 
plants may change their composition of bioactive compounds from season to 
season or compounds may be degraded depending on time after harvest. For these 
reasons, tissue culture might be the one method to standardize growth of 
Scutellaria species to document good quality of genetically identical plants with 
entire cleaned root preparations of intact thin root fractions.
Scutellaria baicalensis can be taken as decoction (dried root in hot water 
extract) or as commercial extract (in tablets, granules, spray-dried extract or as an 
alcohol extract and by injection); (http://www.umm.edu/altmed/ConsHerbs/ 
Skullcapch.html, 2007; Wichtl et al. 1994). Dry weight of S. baicalensis
traditional decoction (as crude drug) and commercial extract were compared for 
baicalin, baicalein and wogonin concentration using HPLC analyses. Traditional 
decoction had 6.270.46% of baicalin, 0.550.02% of baicalein, 0.170.01% of 
wogonin, whereas commercial extract had 8.230.85% baicalin, 1.50.2 % 
5baicalein and 0.530.05% wogonin. According to this comparison, it can be said 
that commercial extract has more bioactive compounds than traditional decoction. 
Traditional decoction was prepared by boiling plant root with water couple of 
times (Lai et al. 2001). In contrast, there were three ways to prepare commercial 
extracts: infusion (boiled water poured over the prescribed amount of drug, then 
covered), decoction (prescribed amount of drug placed in cold water then boiled, 
then strained) and maceration (required amount of cold water poured over drug, 
and stand in room temperature for several hours); (Wichtl et al. 1994). It is 
possible that during boiling process, some of the secondary products may be 
reduced, or storage conditions may have a detrimental effect on secondary 
product.
Plantlets raised in greenhouse and in vitro, were analyzed for baicalin, 
baicalein and wogonin. Baicalin yield was not observed in shoot tissue (Table 
2.1). Shoot tissue of greenhouse plant yielded more baicalein (0.1%) than in vitro
raised clones (0.033%, Cell line #111; 0.022 %, Cell line # 106). Also, root tissue 
of greenhouse grown plants yielded more baicalin (15%) compared to in vitro
grown plants (0.14 %, Cell line # 106; 0.64 %, Cell line #111). However, 
wogonin was lower in shoot tissue of greenhouse grown plants (0.003 %) than in 
vitro grown clones (0.016 %, Cell line # 106; 0.014 %, Cell line # 111). Root 
tissue of greenhouse plant yielded more wogonin (0.070%) than in vitro grown 
clones (0.020 %, Cell line # 106; 0.061 %, Cell line #111); (Horvart et al. 2005).    
     
61.1.2. Scutellaria lateriflora
Scutellaria is named by its cap-like shape of outer whorl of its blue 
flowers (http://www.umm.edu/altmed/ConsHerbs/Skullcapch.html, 2007). The 
bioactive compounds, distribution of the species, pharmacological uses and 
descriptions of uses are listed in Table 1.1. Scutellaria  lateriflora has been used 
mostly as a calmative and anti-convulsive beside other purposes; however, people 
who have hepatitis or liver disorders should use it under control supervision of a 
healthcare provider. Scutellaria lateriflora also helps to prevent amenorrhea, 
which is absence of menstrual cycle and can be seen during pregnancy and 
lactating. Pregnant and lactating women or those who are planning to become 
pregnant should not take this plant since it promotes menstrual cycle and may 
cause miscarriage (Joshee et al. 2002; Native American Botanicals 2004; Duke et 
al. 2002; http://en.wikipedia.org/wiki/Amenorrhea 2006).
For children it can be taken as herbal tea, for adults it can be taken as dried 
herb, tea, fluid extract, and tincture (alcoholic extract of herb or solution of non-
volatile material); (http://en.wikipedia.org/wiki/Tincture  2006; http://www.umm 
.edu /altmed/ConsHerbs/Skullcapch.html, 2004).  
Aerial parts of three to four year old plants have been used as medicinal 
plant part (http://www.umm.edu/altmed/ConsHerbs/Skullcapch.html, 2004).    
Comparison of S. baicalensis and S. lateriflora shows a number of differences. 
Scutellaria baicalensis is native to China, India, Japan, Korea, whereas S. 
lateriflora is native to North America. In terms of bioactive compounds, they both 
have baicalin, baicalein and wogonin (Joshee et al. 2002; Nishikawa and Ishimura 
71997; Nishikawa 1999a; Nishikawa 1999b).  The phytochemical content of the 
whole plants of S. baicalensis varied 14.48%-15.72% of baicalin, 0.37%-1.07% of 
baicalein and 0.13%-0. 75% wogonin; while S. lateriflora whole plant contains 
about 0.1% baicalin, 2.5 % baicalein and 3.7 % wogonin. Roots of S. baicalensis
has 0.220.31% wogonin whereas S. lateriflora roots has 3.02 % wogonin, 
which is higher than that of S. baicalensis (Nishikawa 1999a; Tani et al. 1985). 
1.1.3. Other Scutellaria species
      Several other species of Scutellaria and their bioactive compounds and 
pharmacological uses are shown in Table 1.1.  Scutellaria species including S. 
iyoensis, S. ventenatii, S. lateriflora, S. incana, S. orientalis, S. taurica, S. pontica, 
S. galericulata and S. alpina have the flavanoid accumulation mostly in root 
rather than stem and leaf portion of the plant (Nishikawa et al. 1999a).
Scutellaria barbata has been used as a traditional Chinese medicine as 
anti-inflammatory, anti-tumor agent and diuretic. Turkey has many Scutellaria
species including S. galericulata, S. hastifolia, S. altissima, S. tournefortii, S. 
albida, S. velenovsky, S. rubicunda, S. megalaspis, S. glaphyrostachys, S. 
salvifolia, S. diffusa, S. orientalis, S. tomentosa, and several subspecies (Davis 
1982). Scutellaria galericulata has been used as anti-diarrheic, haemostatic, tonic 
and treatment for injuries as folk medicine in Anatolia. Scutellaria glariculata
grows in marshy ground, edges of the lakes and rivers in Northern and Inner parts 
of Turkey and is a rhizomatous perennial herb (Ersoz et al. 2002). In addition, it 
8has anti-herbivore activity against insects (Ersoz et al. 2002; Cole et al. 1989; 
Rodriguez et al. 1993).   
1.2. Tissue culture
            Tissue culture is a way to establish and propagate plant organs (shoots, 
roots, flowers and embryos) or tissues (cells, callus, protoplasts), which are 
genetically identical (Ziv 1995), in contamination-free environment. Tissue 
culture is used for genetic engineering, germplasm preservation, cell culture for 
secondary metabolites and physiological studies (Hartman et al. 2002; Ravindran 
and Babu 2005). In vitro plant propagation techniques help to standardize 
production of biochemically and medicinally active secondary products synthesis, 
and select clones of superior individual genotypes (Li et al. 2000). 
            Tissue culture media contains inorganic and organic nutrients, 
carbohydrate source (usually sucrose), vitamins, support for explants (which is 
usually agar), and plant growth regulators (Hartman et al. 2002). The five best 
known tissue culture media are MS (Murashige and Skoog 1962), GB5 (Gamborg 
et al. 1968), WP (Lloyd and McCown 1980), SH (Schenk and Hildebrandt 1972) 
and White (Nitsch and Nitsch 1969). The MS medium is richer with K and N salts 
in comparison to other four media salt formulations and used as a basic tissue 
culture medium for herbaceous species. Although originally designed for callus
culture of tobacco MS is currently the most often used tissue culture medium. The 
WP medium (Lloyd and McCown 1980) is used for some woody species. The 
GB5 medium (Gamborg et al. 1968) is used for callus production, suspension 
9culture and whole plant parts. The SH medium (Schenk and Hildebrandt 1972) 
has been used for callus culture and White’s medium has been specially 
developed for microspore and anther culture (Nitsch and Nitsch 1969; Kane 
2004). 
           Micropropagation, which is a form of tissue culture, is used for clonal 
propagation of elite plants (Hartman et al. 2002; Kane 2004). Micropropagation 
has four basic methods depending upon culture conditions and species, which are 
shoot culture, node culture, nonzygotic or somatic embryogenesis and de novo
adventitious shoot formation (shoot organogenesis); (Kane 2004). There are four 
stages in micropropagation: 
1- Stage I is the initiation where asepsis of tissue is established;
2- Stage II is the multiplication stage where axillary shoots are produced;
3- Stage III is the rooting phase that represent pretransplant (preparation of 
shoots or shoot clusters and their transfer to soil); and 
      4- Stage IV is the acclimatization where plantlets are transferred to ex vitro-
soil, and plants resume photoautotraphic growth (Hartman et al. 2002). 
1.2.1. Carbohydrate source
    Carbohydrates are the main energy sources during explant establishment, 
shoot proliferation and mass propagation stages. Sucrose is the most used 
carbohydrate source in vitro however; glucose, fructose or other sugar types are 
also used (Ziv 1995; Gollagunta et al. 2005).  Carbohydrates and inorganic salts 
have an osmotic affect in vitro (Williams 1995). For instance, in the most 
10
common tissue culture media, which is high salt MS medium that supplemented 
with 3% sucrose, osmotic potential is –446 kPa (calculated using the data of 
Fujiwara and Kozai 1995). The MS salts alone have –212 kPa osmotic potential 
while 3% sucrose has more negative osmotic potential –234 kPa. Lower salt 
medium has greater osmotic potential than that of 3% sucrose, such as White’s 
salts osmotic potential that is –37 kPa (–271 kPa with 3% sucrose). GB5 salts has 
osmotic potential of –143 kPa (–377 kPa with 3% sucrose). Carbohydrate source
affects availability of water uptake, which drives mineral uptake, and hence 
affects plant growth (Williams 1995).  Hydrolysis of sucrose to fructose and 
glucose changes the osmotic potential during culture (Fujiwara and Kozai 1995).
1.2.2. Hyperhydricity
           The tissue culture environment has large negative osmotic potential, high 
sucrose and ammonium content, high relative humidity, and unusual plant growth 
regulators compared to field conditions. While some plants can adapt to these in 
vitro conditions, some show abnormal characteristics, such as translucent 
appearance, chlorophyll deficiency, and high water content. These symptoms 
were originally called ‘vitrification’ (Franck et al. 2004), but now this 
physiological disorder is named as ‘hyperhydricity’ (Ziv 1995).  Leaves of 
hyperhydric shoot are curled, elongated, wrinkled and brittle (Saher et al. 2004). 
Hyperhydricity is often described related to water relations between the culture 
environment and developing shoot. Hyperhydricity is more common for plants 
grown in liquid culture or with lower agar concentration. High humidity and high 
11
ammonium concentration (for example MS medium salts) also have been 
associated with hyperhydricity (Hartman et al. 2002). Anatomically, hyperhydric 
leaves exhibit some differences such as reduced number of palisade cell layer, 
irregular stomata (e.g. abnormally large stoma in geranium, rose and Solanum 
laciniatum or not properly working, open guard cells) chloroplast degradation, 
presence of a thin cuticle layer or no cuticle (Ziv 1991; Saher et al. 2004), less
developed cell wall (Franck et al. 2004), and large intracellular spaces in the 
mesophyll cell layer (Chakrabarty et al. 2005).  In addition, hyperhydricity can 
cause reduced multiplication rate, poor shoot quality and death of cells and tissue.  
Additionally hyperhydricity can affect culture vigor and acclimatization to ex 
vitro conditions and it may be a major problem in tissue culture (Saher et al. 
2005a). 
1.2.3. Tissue culture of Scutellaria baicalensis
           Since S. baicalensis has medicinal importance, many different methods 
were used for its tissue culture process in efforts to provide better quality plants. 
Scutellaria baicalensis plantlets exhibited hyperhydricity problem in liquid 
culture medium (Joshee N, Personal communication; 2006). Table 2.1 represents 
different tissue culture techniques that applied to S. baicalensis, and their effect 
on flavonoid content (baicalin, baicalein and wogonin).  
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1.2.3.1. Aseptic seed culture and induced tetraploids
Seeds have genetic variation, and this may be an advantage in selection of 
genotypes. Colchicine application induces tetraploidy in plants. It is often 
observed that tetraploid plants have bigger root, stem and shoot and higher 
biomass. Secondary metabolites in some tetraploid plants (e. g. Datura 
stramonium, Atropa belladonna) are higher compared to diploid plants (Gao et al. 
2002). Scutellaria baicalensis seedlings had genetic variation when cultured on 
MS medium supplemented with colchicine to induce tetraploidy. Tetraploid plants 
of S. baicalensis grew vigorously in the field and had larger, rougher and thicker 
leaves, larger stems and shoots. Roots of colchicine induced plants yielded 
variable baicalin content (13.17-17.27% DW). This is similar to the baicalin yield 
of the control plant being 16.51% (Gao et al. 2002).          
1.2.3.2. Adventitious shoot formation
Roots, leaves, flowers and stem internodes, which do not produce buds, 
can be exogenously induced to produce adventitious shoots. Adventitious shoot 
culture techniques often produce genetic off-types and higher ploidy levels 
frequently occur (Hartman et al. 2002). 
Thidiazuron (TDZ), a synthetic cytokinin, induces somatic embryogenesis 
and shoot regeneration in some plants (e.g. peanut, tobacco, geranium, St. John’s 
Wort). Seedlings of S. baicalensis were germinated in MSO media (containing 
MS salts, B5 vitamin, and 3% sucrose). In three different culture systems TDZ 
induced regeneration and plantlets supplemented with TDZ exhibited de novo
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shoot formation, 95% of regenerates formed root structure whereas plantlets in 
control media (which is TDZ free) had shown less de novo shoot formation. 
Application of TDZ on hypocotyl culture showed an increase in the shoot 
formation from explants (Li et al. 2000).
1.2.3.3. De novo root formation  
Differentiated root primordia may be induced “anew” called de novo root. 
The process of “rooting” shoot cuttings in asexual propagation is used for many 
of the horticultural crops (Hartman et al. 2002). Hairy root culture is a special 
case. Agrobacterium rhizogenes is a bacterium that infects plant tissue and 
induces IAA synthesis. Agrobacterium introduces Ri-Plasmid to the host’s 
nuclear DNA. The resulting hairy root cultures are fed exogenous sugar and may 
be propagated to yield root masses in the absence of shoots (Hartman et al. 2002). 
            Flavonoid content of S. baicalensis was investigated in hairy root culture 
induced by A. rhizogenes A13 (Nishikawa and Ishmaru 1997). In one clone 
(Clone D) higher amounts of glucuronide type flavonoids such as baicalin was 
recorded. Eight weeks of culturing on WP medium supplemented with IAA 
resulted in higher baicalin yield (0.35-0.95 %) both in dark and light conditions 
compare to BF [hormone –free medium (modified MS medium which contains ½ 
KNO3, ½ NH4NO3, ½ CaCl2 and   (2X) KH2PO4 and (2X) MgSO4); (0.03%-0.42 
%)]; (Nishikawa and Ishimaru 1997); (Table 2.1). Transformed root culture of S.
baicalensis plantlets was induced by A. rhizogenes ATCC 15834 in order to
observe phenolic content (flavonoid and acteoside). Plantlets were grown in 
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phytohormone-free, BF liquid medium, under dark or light conditions. Different 
bioactive component were observed including aglucuronide-type flavonoids 
(baicalein, wogonin) and glucuronide type flavonoids (baicalin). Maximum dry 
weight was observed in liquid BF-hormone-free medium both in dark and light 
conditions. Flavonoid content (glucuronide and aglucuronide flavonoids) was 
different in roots of different plantlets. In the stem and the leaf tissue of S.
baicalensis, flavonoid accumulation was not observed. Scutellaria baicalensis
plantlets had higher amount of flavonoid in vivo conditions [(baicalin (5.450.20 
%), baicalein (0.770.12 %) and wogonin (2.040.12 %)] compared to plantlets 
grown in vitro conditions [(baicalin (0.800.10 % DW), baicalein (0.250.15 %) 
and wogonin (0.780.31 %)]; (Table 2.1); (Nishikawa et al. 1999b).
           Another hairy root culture method was applied to S. baicalensis using A.
rhizogenes strain (LBA 9402) with ½ MS , ½ WP and ½ GB5 salts, supplemented 
with 3, 5, and 7 % sucrose (Stojakowska and Malarz 1999). Fresh weight was 
reduced with reduction of macro- and micronutrients to half strength; GB5 salts 
were the most suitable (especially at 5-7 % sucrose) for growth of root parts and 
flavone production for all clones. For A14 clone plantlets ½GB5 medium resulted 
in highest baicalein (3.75–4.30%) and wogonin (1.30-1.33%) concentrations 
(Table 2.1). In addition, ½ WP medium plantlets resulted in similar flavone 
production (4.30% baicalein and 1.40% wogonin). For C2 clone plantlets ½ GB5 
medium, supplemented with 7 % sucrose, yielded 6.870.49% of baicalin and 
1.510.06 % of wogonin. For A16 clone plantlets ½ GB5 medium supplemented 
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with 5% sucrose resulted in highest baicalein (6.40%) and wogonin (1.70%) 
concentrations (Table 2.1; Stojakowska and Malarz 2000).
Compared to field grown plant root portion (0.320.48% baicalein, 
0.220.31% wogonin (Tani et al. 1985)), hairy root culture system had more 
baicalein and wogonin than thinner roots of field grown plants (1%-6.8% 
baicalein, 0.38%-1.90% wogonin); (Stojakowska and Malarz 2000). 
1.2.3.4. Application of somatic embryogenesis 
           Somatic embryogenesis (SE) is a procedure for development of embryos 
from vegetative cells instead of fusion of male or female gametes. Somatic 
embryos are essentially clones.
            Ethylnitrosourea (ENU) induced and control plantlets (not ENU-induced) 
subcultured every 4 weeks (fast growing), subcultured every 6 weeks (medium 
growing) and subcultured every 8 week (slow growing) were compared in terms 
of baicalin, baicalein and wogonin. De novo shoot organogenesis was induced 
according to methods Li et al. (2000). Control plantlets yielded higher baicalin 
(0.65-4.52 %) and wogonin (0.002-0.064%) and lower baicalein (0.23-2.55%) 
content compared to ENU-induced plantlets (0.42-4.09% baicalin, 0.08-3.13% 
baicalein and 0.004-0.044 % wogonin); (Murch et al. 2004; Table 2.1). ENU did 
not promote more flavanoid compounds. However, slow growth plantlets, 
whether ENU-induced or control, had higher baicalein and wogonin. Medium 
growth plantlets in both ENU-induced and control growth conditions resulted in 
higher baicalin concentrations. A metabolic analysis of S. baicalensis was done 
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with different lines and no one line gave the highest yield of all three principal 
compounds (Murch et al. 2004). Somatic embryogenesis tissue cultured shoots of 
S. baicalensis had very low concentrations of baicalin, baicalein and wogonin, 
compared to hairy root cultures and naturally field grown plants (Table 2.1). 
            A bioreactor is an automated system for tissue culture. It can be used for 
plant propagation or to multiply cell suspension. Bioreactors were developed for 
fermentation, and production of secondary metabolites for commercial use. Six 
different bioreactor systems were used to produce secondary metabolites for S. 
baicalensis plantlets. Balloon type bubble bioreactor (BB bioreactor), temporary 
immersion bioreactor system with liquid medium (TI bioreactor), airlift bioreactor 
(AL bioreactor), silicone tubing bioreactor (ST bioreactor), large vessel with 
gelled medium under forced ventilation (LVF bioreactor), magenta vessels with 
gelled medium (MV system; control) and standard closure system (natural 
ventilation) used for plant growth and observation of bioactive metabolites. The 
MS medium supplemented with 3 % sucrose was used for all systems. CO2 -
enriched conditions were used to incubate LVF system. Biomass per vessel was 
largest in TI bioreactor system, also individual fresh and dry weights were higher 
than the other systems. In solid medium (LVF and MV) plantlets were 
significantly taller than the liquid system. Numbers of plantlets was higher in TI 
bioreactor system, LVF and MV systems than the others. Most productive 
systems in terms of percent dry weight were LVF system (18 %DW) and MV 
system (16% DW) and then TI bioreactor (14 %DW); (Zobayed et al. 2004). 
Flavonoid concentration for bioreactors is very close to the amount of flavonoid 
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concentration of the field grown plants (Table 2.1); (0.9-5.50 % baicalin, 0.45-
2.20 % baicalein and 0.03-0.25 %wogonin). Especially LVF bioreactor system 
yielded higher baicalin (5.50%) and baicalein (1.70%) (Zobayed et al. 2004). 
1.2.3.5. Callus, protoplast and cell suspension
           Callus is undifferentiated parenchyma cells. Callus and cell culture 
techniques may be used for potentially high capacity industrialization. 
Additionally they have been used broadly for production of new genotypes. Cell 
suspension culture is a technique where plant cells grow in liquid agitated 
medium. Suspension culture is used in bioreactors where secondary product is 
observed. For instance, pharmaceutical products or natural pigments or flavors 
can be observed with suspension culture technique (Hartman et al. 2002). Three 
different callus tissues, which were derived from petiole, cotyledon and root of S.
baicalensis, were quantified by HPLC analysis. Petiole and cotyledon derived 
calli yielded higher baicalin when they were fresh (8.5% and 7.1% respectively; 
Hiratoni et al. 1998; Table 2.1). Cotyledon derived calli yielded highest baicalein 
in both fresh and dried tissue (1.2% and 2.9 % respectively). Callus derived from 
root portion resulted in less baicalin and baicalein then cotyledon and petiole 
derived calli when tissue was fresh, after tissue was dried baicalin and baicalein 
had almost disappeared. 
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1.2.4. Tissue culture of Scutellaria lateriflora and other Scutellaria species
Scutellaria lateriflora had its highest wogonin concentration (3.02 % DW) 
in root  portion which is four times higher that roots or shoot culture  of S. 
baicalensis (0.78 % DW); (Nishikawa et al. 1999a). In addition, wogonin was 
found in shoots. The plant growth regulators (PGR’s) which produced greater 
fresh weight were benzyladenine (BA; 0.1mg/l) and 2,4-dichlorophenoxy (2,4-D; 
0.1mg/l); (Nishikawa et al. 1999a).
         Shoot and callus culture techniques had been used to observe phenolic 
compound of Scutellaria species (S. iyoensis, S. ventenatii, S. lateriflora, S. 
orientalis, S. taurica, S. pontica, S. galericulata, S. alpina). Shoots were derived 
from commercial seeds and callus was derived from leaf segments. Phenolic 
compound distributions and amounts of secondary product (acteoside, baicalin, 
wogonin 7-glucuronide, baicalein, wogonin, skullcapflavone I, skullcapflavone II) 
were observed by using shoot culture (in hormone-free MS medium for over 6 
months) and callus culture techniques (in MS medium supplemented with 
different combinations of 2,4-D; 0.1mg L-1, 1mg L-1), α- napthalene acetic acid 
(NAA; 0.5 mg L-1, 2mg L-1), indole-3-acetic acid (IAA; 3mg L-1) and 
benzyladenine (BA; 0, 0.1mg L-1) for over 6 months in dark and lights 
(Nishikawa et al. 1999a). The root is the place where greater phenolic 
accumulation was observed for all species. However, in vitro shoot cultures of S. 
pontica, S. taurica, and S. alpina gave the highest amount of baicalin. The reason 
that baicalin was used as reference was calli from all species produce baicalin as a 
major phenolic. Callus culture was used because it might help to separate
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acteoside easily from other flavonoids and other phenolic compounds. Callus 
produced wogonin for all species. Scutellaria ventenatii produced the highest 
concentration of wogonin in callus culture (Nishikawa et al. 1999a).
           Arbuscular mycorrhizal fungi (AMF) has been used to improve drought 
tolerance and plant water relations of host plants via increasing P- uptake in P-
deficit soils or increasing soil moisture. AMF also helps mass propagation of 
roots of micropropagated plants. Scutellaria integrifolia plantlets cultured in 
modified MS medium supplemented with different concentrations of different 
cytokinins; benzyladenine (BA), kinetin, thidiazuron (TDZ), and auxins;
naphthalene acetic acid (NAA) and indole butyric acid (IBA) all shoots developed 
root. These plantlets transferred to greenhouse and inoculated with AMF. AMF 
inoculated plantlets showed better root development compared to non-inoculated 
plantlets in vivo conditions. Five different AMF strain tested and one particular 
AMF (S3004) helped to improve plant height and fresh weights of root, shoot and 
seed (Joshee et al. 2007).
1.3. Objectives
Scutellaria species (S. baicalensis, S. lateriflora, S. costaricana) will be 
observed in various liquid culture environments
1. To assess the growth of three species of Scutellaria (S. baicalensis, S. 
lateriflora, S. costaricana) in  various liquid culture environments;
2. To determine the factors that affect plant quality grown in  a variety of 
physical environments; and 
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3. To define a common liquid culture environment for the mass propagation 
of these three Scutellaria species.
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CHAPTER TWO
PHYSICAL STATE IN VITRO ALTERS BIOMASS AND QUALITY OF 
SCUTELLARIA LATERIFLORA, SCUTELLARIA COSTARICANA, AND 
SCUTELLARIA BAICALENSIS PLANTLETS
Introduction
           Herbal medicines have been used worldwide for centuries. Scutellaria spp.,
belonging to Lamiaceae family, are perennial herbs, hardy and non-hardy annuals 
and sub-shrubs. Many Scutellaria species are medicinal plants, culinary herbs and 
ornamental plants. Varied Scutellaria species have different medicinal uses in 
many parts of the world (Table 1.1).  Leaves, shoots, roots or whole plant 
preparations are used for curative purposes. Scutellaria lateriflora is native to 
North America and has been used as calmative agent in addition to its cultural 
usage. Scutellaria costaricana is native to Costa Rica and has been used as 
ornamental, herbaceous perennials. Scutellaria baicalensis is native to China, 
India and Korea and has been used as an anti-cancer agent for stomach, thyroid 
and prostate cancers besides its traditional usage (Table 1.1).
           Collecting and maintaining properly identified germplasm from distant 
locations around the world in pest and disease free conditions are large problems 
to global drug discovery. In vitro plant propagation will make significant 
contributions by bringing in these valued plant products to commerce (Nalawade 
and Tsay 2004). Plant propagation methods also have been used to disseminate 
higher quality medicinal plants with higher yields of secondary products and 
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greater biomass. Tissue culture is a way of producing and propagating genetically 
identical plant tissues and organs in a contamination-free environment. Tissue 
culture has been used for preservation of germplasm and detection of secondary 
metabolites via cell culture (Hartman et al. 2002, Ravindran and Babu 2005, Ziv 
1995, Li et al. 2000).
           Tissue culture media contains organic and inorganic nutrients, 
carbohydrate source (most often sucrose, fructose or glucose), vitamins, physical 
support for explants (which is usually agar) and plant growth regulators (Hartman 
et al. 2002). MS media (Murashige and Skoog 1962), supplemented with sucrose 
(3-7 %) and solidified with agar (0.4-0.8 %), is most commonly used media for in 
vitro plant propagation (Hartman and Kester 2002). Agar is the most expensive 
product in the tissue culture media and adds to labor costs (dishwashing, media 
preparation, more technician time under the hood, and more frequent 
subculturing; Adelberg 2004). Agar is extensively used to support plantlets in 
commercial laboratories. On the other hand, liquid culture is easy to work with, 
gives more growth and biomass with less cost. There is greater water and nutrient 
availability in liquid culture system than agar (Preil 2005).
           Liquid culture systems yielded 10 folds more shoot production for 
Rhododendron, (Preil 2005) and 7 fold increase in shoot production for Vitis 
vinifera  plantlets. Potinera spp., an orchid, had 4 times and Pinus radiata D. Don 
plantlets had 1.2 times more biomass compared to agar-gelled media (Berthouly 
and Etienne 2005). Lavandula officinalis plantlets yielded more secondary 
metabolites compared to agar-gelled culture systems (Wilken et al., 2005). 
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Additionally, using a liquid refilling system reduced hyperhydricity and improved 
plant quality for Pinus radiata D. Don (radiata pine); (Berthouly and Etienne 
2005).
           Hyperhydricity is a physiological disorder, which may occur in tissue 
culture environment (http://users.ugent.be/~pdebergh/tro/tro3ad01.htm, 2006). It 
is likely related to the amount of water uptake from the culture environment to the 
developing shoot (Saher et al. 2004). Tissue may appear curled, wrinkled, 
elongated, water-soaked, thick, brittle, translucent leaves and shoots with short 
internodes (Saher et al. 2005a). Also hyperhydric tissues exhibit a number of 
anatomical anomalies such as abnormal stomata, reduced number of palisade cell 
layers, large intercellular spaces in the mesophyll, irregular epidermal tissue, 
presence of a thin cuticle or no cuticle, less epicuticular wax and chloroplast 
degradation, poorly lignified vascular system in leaves and a less developed cell 
wall (Franck et al. 2004). High humidity, high level of growth regulators, low 
light intensity and tissue wounding might induce hyperhydricity in tissue culture 
environments. Also, properties of tissue culture media such as reduction of agar 
concentration from 0.8 % to 0.58% (Saher et al. 2004), replacing agar with 
gelrite, which is a substitute material for agar (Franck 2004), or switching agar 
culture to liquid culture may induce hyperhydricity. Hyperhydricity is a major 
problem in tissue culture since it affects tissue quality and acclimatization 
process. Hyperhydric plantlets that transferred to ex vitro- photoautotraphic 
growth conditions might show loss of dry weight (Franck 2004), poor shoot 
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quality, tissue necrosis with difficulty to acclimatize and cell or eventual tissue 
death (Saher et al. 2005a, Ziv 2005).  
           A suitable liquid culture environment for mass propagation of Scutellaria 
(S. baicalensis, S. lateriflora, S. costaricana) plantlets was investigated. Agar was 
compared to three liquid culture; Stationary liquid culture (LS), agitated liquid 
culture (LA) and liquid culture with floating paper (FP). Tissue fresh weight 
(FW), dry weight (DW), number of nodes, residual sucrose and media volume 
(mL) following culture were measured.
Materials and Methods
Plant Materials and Culture conditions
           Scutellaria baicalensis, S. costaricana and S. lateriflora stage II plantlets 
were obtained from Dr. Anand K. Yadav from Agricultural Research Station of 
Fort Valley State University (Fort Valley, GA, USA). Plantlets were cultured on 
MS semi-solid medium [(Murashige and Skoog, 1962); (4.33 g L-1 MS salts 
M524, Phyto Technology Labarotories (Shawnee Mission, KS))] supplemented 
with 2 mg L-1 glycine (free base), 10 mg L-1 myo-Inositol, 0.5 mg L-1  nicotinic 
acid (free acid), 0.5 mg L-1  pyridoxine. HCL, 0.1 mg L-1 thiamine.  HCL, 0.5 μM  
benzyladenine (BA), 0.025 μM α- napthalene acetic acid (NAA), 30 g L-1 sucrose 
and 5 g L-1 agar. Media was autoclaved at 121ºC for 40 min. Plantlets were 
transferred to 180 mL baby food jars that contained 30 mL of MS- semi-solid 
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medium with 6 nodes for each jar. Uniform size plantlets were selected and sub-
cultured every 6 weeks.
Physical Effect Experiment
           Plantlets were cultured on four different physical states. Plantlets were 
placed in Magenta GA7 (Magenta Corp. Chicago, IL, USA) that contained 50 mL 
of media with 9 nodes were the unit of replication. Agar-gelled media was 
prepared as above. In addition, media for the three other treatments, which named 
as LS, LA and FP, was prepared as explain above except omitting agar. LA was 
placed in a rotary shaker at 90 rpm; FP was prepared with using membrane raft 
floatation (5 cm × 5 cm); (Osmotek Ltd. Rehovot, Israel) and seed germination 
paper (Anchor Paper Co., St Paul, MN, USA). Seed germination paper (5cm x 
5cm) placed on the float and nodes were placed on the seed germination paper. 
All plantlets were cultured at 25±2 ºC temperature under fluorescent lights with 
the intensity of 25-30 μmol m2s-1 photosynthetically active radiant (PAR) for 16 
hours per day for 4 weeks for S. lateriflora, 6 weeks for S. costaricana and 8 
weeks for S. baicalensis. The experiment was conducted in a completely 
randomized design with four treatments and five replicates.
           Plantlets were harvested and blotted dry before FW was measured. Volume 
of residual media and sucrose in residual media was measured in BRIX (% BRIX 
is gram sucrose per 100ml medium). Amount of residual sucrose was measured 
using with Hand Refractometer (Atago, Tokyo, Japan). Plantlets were put in paper 
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envelopes and dried at 80 ºC for 48 hours and then dry weight was measured. 
Additional calculations were ;
 Multiplication ratio = (Harvested # of nodes) / (Initial # of nodes)
Percentage dry weight (%DW) = (Dry weight / Fresh Weight) X 100
% Sucrose use= 1-[(Residual Sucrose Amount * Residual Volume amount)/
(Initial Sucrose Amount * Initial Volume Amount)]  X 100
Media use = (Initial volume- Residual volume)
Water use per plant = (FW-DW)/ harvested # of nodes
Statistical Analysis
          The data were analyzed with SAS 9.1 (SAS Inst. Cary, NC) and mean 
separation was determined using Fisher’s LSD (α = 0.05).
Results and Discussion
           Scutellaria species (S. lateriflora, S. costaricana and S. baicalensis) all 
responded differently from each other (Tables 2.1, 2.2, 2.3). Best growth in terms 
of fresh weight (FW), dry weight (DW) and multiplication ratio occurred in 
different physical environments for different Scutellaria species (Tables 2.1, 2.2, 
2.3).
           Scutellaria lateriflora plantlets in LA (liquid agitated) had the highest FW 
and DW (Table 2.1). Agar and FP plantlets responded similarly and had lower 
FW. DW yield differed for all treatments where LA > LS > agar > FP. Agar 
plantlets had the highest multiplication ratio, and FP and LS plantlets multiplied 
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better than LA plantlets. Furthermore, % DW was the highest in immersed liquid
conditions followed by FP and agar plantlets, which responded similarly and had 
the lowest %DW.
           LA and LS conditions have the plant completely immersed in the media 
and became hyperhydric over time, whereas, FP and agar provided an inter-phase 
that keeps the plants in gaseous phase (Figure 2.1). LA and LS plantlets used 
more media volume compared to agar and FP. Also LA plantlets used all sucrose 
(100%) in the media, closely followed the LS (83%). Agar and FP plantlets 
responded similarly and used least sucrose (20% and 26% respectively). It was 
assumed that agitation would provide more O2 and sucrose for LA than LS 
plantlets. In LS and LA conditions, plantlets would consume higher amount of 
media since there is no impediment to media uptake. 
           The reason for higher FW and lower multiplication ratio for plantlets 
grown in LA and LS conditions might be hyperhydricity. Hyperhydricity was not 
observed in plantlets grown in agar or FP conditions. In addition, it should be 
noted that low DW was not related to hyperhydricity. Plant quality was poor in 
liquid culture systems, and it was doubtful that these plantlets would survive ex 
vitro greenhouse transfer.
           Scutellaria costaricana plantlets in LA conditions had higher FW than the 
other three conditions (Table 2.2). FP plantlets had higher DW than other 
treatments. FP and agar plantlets had higher multiplication ratio than LA or LS 
plantlets. Percent DW yield was higher for plantlets grown on floating paper 
compared to agar and LS where LA had lowest % DW.
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           LS plantlets used higher amount of water compared to LA plantlets where 
agar and FP plantlets used less water. LA plantlets used more media compared to 
agar and LS plantlets where FP media use was intermediate. LA plantlets 
consumed all sucrose in the environment (Table 2.2) and had the highest FW. 
However, DW was lower and similar to agar and LS. Also LA had the lowest % 
DW compared to others. A reason for higher FW but lowest %DW was  
hyperhydricity.  LA plantlets consumed higher volumes of water than agar and LS 
and produced stress related exudates. The media color turned a light brown color 
and, we assumed that they might be phenolics since Scutellaria spp. is rich with 
phenolics and they have the yellow-brown color. Plantlets in LA and LS 
conditions became hyperhydric. Hyperhydric tissue accumulates excess water in 
the apoplast and that may result in decrease of O2 diffusion.  This excess amount 
of water content in hyperhydric tissues causes the hypoxia stress (Saher et al. 
2005b). The plantlets that used the most sucrose had less multiplication ratio 
compared to agar and FP. Agitation appeared to be improved plant quality 
compared to stationary liquid. Scutellaria costaricana plantlets lost some of their 
leaves after a certain period (approximately 4 weeks). Plants that used most 
sucrose (LA) and most water (LS) became hyperhydric. Excess water in plants 
interfered with bud development so that lesser multiplication ratio. 
           Scutellaria baicalensis grew similarly in FP, agar and LA conditions 
(Table 2.3). Scutellaria baicalensis plantlets apparently could not complete 
development and growth in LS conditions. However, there was a large amount of 
sucrose used. Biomass (FW and DW) was least in LS conditions (Table 2.3). LS 
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plantlets had lower biomass, % DW and multiplication ratio and they used less 
water, media and sucrose compared to other treatments. 
            There was a linear relationship between FW and media use (r=0.65, 
p<0.0001). FW increased with sucrose use for all species (r=0.0.84, p<0.0001). 
Sucrose use also led to higher DW (r=0.70, p<0.0001). Greater sucrose use and 
more DW did not eliminate hyperhydricity. In fact, plants that were completely 
immersed in liquid often used all the sucrose in the media and as seen in S. 
baicalensis, little biomass was accumulated with S. baicalensis in LS conditions.
Conclusion
           In conclusion, all Scutellaria spp. were hyperhydric and multiplied less in 
liquid culture environments (LA and LS). LA resulted in higher FW for all three 
spp.; however, plantlets were all hyperhydric. It is possible to observe more 
biomass in liquid culture systems, however we may have hyperhydricity problem 
for these three species. Even though we observed more biomass, the plant quality 
was low. It was observed that keeping plantlets in the gaseous phase resulted in 
better quality compare to immersing the plantlets in the media.  In addition, we 
observed that FP, which was a liquid culture system, prevented hyperhydricity. 
Therefore, agar was not uniquely necessary to prevent hyperhydricity. Plantlets in 
gaseous phase whether agar or FP resulted in higher quality with less 
hyperhydricity. Our further research will be focusing on creating a matrix system, 
which may help to prevent hyperhydricity and provide better quality plants with 
higher biomass.
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CHAPTER THREE
POLYESTER FIBER CONTROLLED HYPERHYDRICITY OF 
SCUTELLARIA SPECIES IN VITRO LIQUID CULTURE SYSTEMS
        
Introduction
           For centuries, plant products have been used as medicine and cosmetic 
products (Nalawade and Tsay 2004). Scutellaria, a genus in the Lamiaceae family, 
contains over 300 species with many known medicinal plants. Scutellaria spp. 
were used in various cultures as medicinal plants (Joshee et al. 2002; Awad et al.
2003). Scutellaria lateriflora is native to North America and has been used as 
anti-depressant besides its ethnic usage. Aerial and root portion is rich with 
flavonoids. Scutellaria costaricana is native to Costa Rica and has been used as 
an ornamental plant. Scutellaria baicalensis is native to China, India and Korea 
and has been used as anti-cancer agent beside its traditional usage (Table 1.1). 
          Certain complex bioactive compounds are difficult to synthesize or 
expensive to process. Conservation, cultivation and sustainable usage of 
medicinal plant species are important to exploit many bioactive compounds. The 
quality of plant-based medicine is degraded by misidentification of plant species, 
contamination by weedy species and variability of medicinal compounds among 
genotypes. Additionally, cultivation period, harvest conditions and soils may 
affect composition of secondary products. In vitro propagation can yield uniform 
and clean plant material for identification and characterization of chemicals. 
Tissue culture methods have been used for mass propagation, germplasm 
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conservation, genetic improvement, scientific study, and production of bioactive 
compounds (Nalawade and Tsay 2004).    
           Tissue culture media contains organic and inorganic nutrients, plant growth 
regulators (PGR’s), carbohydrate sources, vitamins and physical supporting 
materials. MS media supplemented with sucrose (3-7%) and agar (0.4-0.8%) is 
the most commonly used media in tissue culture. Agar-gelled culture requires 
more labor (media preparation, subculturing plantlets, cleaning vessels, etc.) 
compared to liquid culture systems (Adelberg 2000, Takayama and Akita 2006). 
Agar may have some inhibitory effects on differentiation and growth of explants 
(Ichimura et al. 1995).
           Hyperhydricity can be a major problem for in vitro plant production. 
Hyperhydricity occurs when tissue absorbs excess amount of water from the 
culture environment (Ziv 2005). Hyperhydric tissue has translucent appearance 
with curled, wrinkled, elongated, water-soaked, thick, brittle, leaves and has 
shorter internodes (Saher et al. 2005a). Hyperhydric tissue also has anatomical 
disorders such as poorly lignified vascular system in leaves, less developed cell 
wall, abnormal stomata, reduced number of palisade cell layers, large intercellular 
spaces in the mesophyll, thin or absent cuticle, less epicular wax, and chloroplast 
degradation (Franck et al. 2004).  Hyperhydricty may arise from high humidity, 
low light intensity, high concentration of PGR’s and tissue wounding. Also 
differences in supporting material such as reduction of agar concentration (from 
0.8% to 0.58%, Saher 2004), switching agar to gelrite (Franck et al. 2004) or 
switching agar to liquid may result in more hyperhydric plantlets. 
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           Different physical factors have been explored to prevent hyperhydricity in 
liquid culture. For instance, sealing the culture vessels with a fluorocarbon 
polymer film eliminated hyperhydricity of Ixora coccinea L. plantlets 
(Lakshmanan et al. 1997). Rice plantlets grown in an immobilized culture system 
using polyurethrane foam support cubes resulted in longer shoots compared to 
liquid suspension culture plantlets.  Liu et al. (2001) concluded that usage of 
polyurethrane might provide less time and labor to propagate rice plantlets. Carrot 
plantlets derived from somatic embryogenesis grew better in polyester support 
compared to agar. For regeneration and adventitious shoot formation of tomato 
cotyledons, polyester support was more effective compared to agar-gelled media. 
Direct effects of medium on explant can be observed by using polyester support 
since it is chemically inert and does not absorb the media components (Ichimura 
et al. 1995). Another advantage of supporting materials (polyester, ceramic or 
wood pulp fiber) is the possibility of adding liquid media without transferring the 
plantlets into another vessel.
           We investigated the effect of different supporting materials on growth (FW, 
DW, # of nodes) and quality (hyperhydricity), as affected by agar, liquid medium, 
and liquid medium with support. Sucrose and water use per plant were also 
measured to understand how nutrient availability affected growth. All treatments 
had 30 ml media per vessel and an additional treatment fiber 20 starting with 20 
ml initial media (and two additional 5 ml of media at weeks 4 and 6).
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Materials and Methods
       
Culture Conditions
           Scutellaria baicalensis, S. costaricana and S. lateriflora stage II plantlets 
were provided by Dr. Anand Yadav from department of Horticulture of Fort 
Valley State University (Fort Valley, GA, USA). Plantlets were cultured in MS 
semi-solid medium (Murashige and Skoog, 1962); (4.33 g L-1 MS salts M524, 
Phyto Technology Labarotories), supplemented with 2mg L-1 glycine (free base), 
100 mg L-1 myo-Inositol, 0.5 mg L-1  nicotinic acid (free acid), 0.5 mg L-1  
pyridoxine.HCL, 0.1 mg L-1  thiamine.HCL, benzyladenine (BA;5 μmL-1), α-
naphthalene acetic acid (NAA; 0.025 μmL-1), 30 g L-1 sucrose and 5 g L-1 agar. 
Media was autoclaved at 121ºC for 40 min.  Plantlets were transferred to 180 mL 
cylindrical glass vessels containing 30 mL of MS- semi-solid medium with six 
nodes per jar. Uniform size plantlets were selected and sub-cultured every six 
weeks.
Fiber Preparation
           Needle-punched nonwoven fabric, provided by Dr. Mevlut Tascan from 
school of Material Science and Engineering of Clemson University (Clemson, SC, 
USA) was produced in School of Materials Science and Engineering laboratories. 
Round polyester fiber (75 % recycled, 25% copolyester) was used (Appendix A). 
           Premixing was achieved by the CMC Rando Cleaner (fiber mixing and 
cleaning machine). Fibers were combined together as a nonwoven fabric. Then,  
they were mixed, carded (fibers were put into two-dimensional web) and cross-
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lapped (many webs folded on each other to get appropriate weight), and finally 
needle-punched. Next fibers were fed through a chute, which feeds the fibers to 
the 50 cm Bematic Card, the web was fed onto a 60 cm Automatex cross lapper 
conveyor system. The formed and cross-lapped web was fed to three different 
bonding processes. Fabric was needled (around 50 strokes/minute) for handling 
purposes, and then this lightly needled-punched, nonwoven fabric was needled 
again at around 250 strokes/minute. The resulting needle-punched samples were 
produced around 150g/m². Fibers were cut into uniform sizes (5 cm x 5 cm),
rinsed with distilled water and dried before put into the vessel. 
Matrix Effect Experiment
           Plantlets were cultured on four different physical states: Agar-gelled 
culture, liquid stationary culture (LS) and two liquid cultures with polyester fiber. 
Agar media was prepared as explained above, and liquid media was prepared as 
above without agar. Each vessel contained six nodes placed in Magenta GA7 
(Magenta Corp., Chicago, IL, USA) with 30 mL of initial media for agar, LS and 
fiber 30, and liquid culture with polyester fiber that has 20 mL initial media 
volume (fiber 20), which had additional 5mL of media volume at week 4 and 
week 6. Treatments with fibers that contained polyester fiber (Clemson University, 
Clemson, SC, USA); (5 cm x 5 cm) and seed germination paper (Anchor Paper 
Co., St Paul, MN, USA); (5 cm x 5 cm) were placed into Magenta GA7 boxes 
stacked in the order of fiber, paper and plant respectively. Nodes were placed on 
the seed germination paper. All plantlets were cultured at 25±2 ºC temperature 
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under fluorescent lights with an intensity of 25-30 μmol m2s-1 PAR for 16 hours 
per day. Harvesting was conducted at 2nd, 4th, 6th and 8th week. The experiment 
was conducted in a completely randomized design with four treatments and three 
replicates. Plantlets were blotted on paper toweling, and the measurements were 
taken as fresh weight (FW), dry weight (DW), hyperhydricity (by visual 
assessment), residual sucrose concentration (%, as BRIX; gram sucrose per 100 
mL medium). The amount of residual sucrose was measured by using a Hand 
Refractometer (Atago, Tokyo, Japan) as % BRIX. Plantlets were put in paper 
envelopes and dried at 80 ºC for 48 hours. The dry weight was then measured. 
Additional calculations were;
Multiplication ratio = (Harvested # of nodes) / (Initial # of nodes)
Percentage dry weight (%DW) = (Dry weight / Fresh Weight) X 100
        
Percentage sucrose use = {1-[(Residual Sucrose Amount * Residual 
Volume amount) /  (Initial Sucrose Amount * Initial Volume 
Amount)]} X 100
Water use in tissue per plant = (FW-DW) / Harvested # of nodes
Hyperhydricity measured by visual assessment with a 1-5 numerical scale 
that presents degree of hyperhydricity (Figure 3.1).
Statistical Analysis
           The data were analyzed with SAS 9.1 (SAS Inst. Cary, NC) and mean   
separation was determined using Fisher’s LSD (α = 0.05). The time course 
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experiment was analyzed as factorial with time and treatments considered as 
factors. 
Results and Discussions
           Scutellaria species grew at different rates and had different FW, DW, 
multiplication ratio, and water use per plantlet (Figures 3.3-3.19). However, 
plantlets of different species responded similarly for hyperhydricity and % DW 
(Figures 3.4, 3.6, 3.10, 3.12, 3.16, 3.18). Plantlets in liquid culture for all species 
were hyperhydric and yielded the lowest multiplication ratio. Plantlets in fibers 
and agar were less hyperhydric the entire time. A subjective scale for 
hyperhydricity was established for Scutellaria species. Figure 3.1 presents 
plantlets that show the range of hyperhydricity responses that were scored on a 
numerical scale, 1 to 5. (For further details Appendix B for S.lateriflora, 
Appendix C for S. costaricana and Appendix D for S. baicalensis).  
           Scutellaria lateriflora plantlets grown in liquid resulted in the highest FW
(Figure 3.2) and DW (Figure 3.3) for the entire 8 weeks; however, growth slowed 
after 6 weeks. Agar and fiber plantlets had linear increases of FW for the entire 8 
weeks. Liquid culture plantlets had significantly higher FW and DW at week 8 
compared to agar and the fiber treatments. However, % DW was significantly 
higher in fiber 20 compared to other treatments after 8 weeks (Figure 3.4).  Agar 
and fiber 20 had similar multiplication ratio (Figure 3.5). Even though plant 
quality was improved in fiber 20, it produced the lowest biomass (FW, DW). 
Fiber 30 was intermediate in response to agar and fiber 20. 
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           Plantlets grown in the gaseous phase – fibers and agar—were not 
hyperhydric after 8 weeks, and plant quality increased with time compared to 
plantlets immersed in liquid (Figure 3.6). Immersing plantlets in the media 
resulted in more hyperhydricity and these plantlets used the most sucrose (data 
not shown) and water (Figure 3.7), similar to our previous experiment (Chapter 2). 
Scutellaria lateriflora plantlets multiplied better in agar than fiber by the end of 
week 8. Multiplication of liquid culture plantlets was severely reduced over time. 
Lowered multiplication ratio might be related to hyperhydricity. Hyperhydric 
plants grown in liquid media had ample DW.          
           Plantlets from agar had moderate FW, DW and higher multiplication ratio 
compared to fiber plantlets and used moderate amount of water and less sucrose. 
Biomass (FW, DW) was higher for agar plantlets and fiber plantlets had least FW, 
DW and lower multiplication ratio.  Hyperhydricity and % DW were similar for 
agar and fiber plantlets.  
           It may be noted that fiber 20 plantlets had higher %DW, less 
hyperhydricity and relatively high multiplication ratio and used least water per 
plantlet. There was no relationship between % sucrose use (data was not shown) 
or water use and FW, DW, % DW, multiplication ratio and hyperhydricity. Fiber 
might limit water availability to the plant or helps plantlets to access water and 
sucrose gradually. Even though having higher FW and DW, plantlets immersed in 
the liquid culture absorbed larger amounts of water and became hyperhydric.
           Scutellaria costaricana plantlets in agar had the highest FW (Figure 3.8). 
Comparisons of DW were similar to FW (Figure 3.9). Scutellaria costaricana 
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plantlets in fiber had significantly higher % DW for the entire 8 week (Figure 
3.10) compared to agar and liquid plantlets.
           Scutellaria costaricana plantlets in fibers and agar had higher 
multiplication ratio compared to liquid culture plantlets at the end of 8 weeks 
(Figure 3.1). Plantlets in fiber were less hyperhydric (Figure 3.12) compared to 
agar plantlets, which had moderate hyperhydricity and best quality around 6 
weeks. Plantlets in liquid culture were most hyperhydric for the entire 8 weeks.  
Agar and liquid culture plantlets used more water compared to fiber plantlets 
(Figure 3.13). 
           Plantlets from agar had more FW, DW and hyperhydricity; however, less 
% DW compared to fiber plantlets. Agar and liquid culture plantlets had absorbed 
more water compared to the fiber plantlets. Multiplication ratio was similar for 
plantlets kept in the gaseous phase, agar, fiber 20 and fiber 30, compared to 
plantlets immersed in the liquid. We assumed plantlets that absorbed excess 
amount of water might suffer with hypoxia stress, which may cause stress 
metabolism and reduced growth. Media color was darkened to tan for S. 
costaricana plantlets immersed in the liquid, as seen in the previous experiment. 
We assumed that these plantlets might be produced stress related phenolic 
exudates as observed in the previous experiment (chapter 2).  As with S. 
lateriflora, plantlets immersed in liquid became more hyperhydric without any 
limitation to media uptake. Fiber matrix appears to reduce media uptake and 
hyperhydricity as it keeps plantlets in the gaseous phase. 
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           Scutellaria baicalensis plantlets in agar yielded the highest FW for the 
entire 8 weeks (Figure 3.14). Liquid culture plantlets stopped growing and had the 
least FW. Comparisons of DW were similar to FW (Figure 3.15). Plantlets in fiber 
20 had significantly higher % DW followed by the fiber 30 for the entire 8 weeks; 
(Figure 3.16). Agar and liquid plantlets had lower % DW. Scutellaria baicalensis
plantlets in agar, fiber 20 and fiber 30 had similar multiplication ratio at the end of 
8 weeks (Figure 3.17). Plantlets in liquid culture became hyperhydric and did not 
multiply or grow as seen in our previous experiment (Chapter 2). Scutellaria 
baicalensis plantlets in fiber 20, fiber 30 and agar resulted in the least 
hyperhydricity for the entire 8 weeks (Figure 3.18).
           Plantlets from agar used the most water for the entire 8 weeks (Figure 
3.19). Callus production was observed for S. baicalensis plantlets in agar and, 
there was no callus on the fibers. Fiber 20 plantlets used less water compared to 
agar plantlets and these plantlets had significantly higher % DW for the entire 8 
weeks. 
       
Conclusion          
           Plantlets from agar had higher biomass for S. costaricana and S. 
baicalensis, and were better quality compared to liquid plantlets. Plantlets grown 
on fiber generally resulted in the least hyperhydricity and relatively high 
multiplication ratio for all species. The fiber structure may help to reduce water 
uptake and keep plantlets in the gaseous phase. Hence, plantlets might avoid 
hypoxia stress. The only difference between fiber 20 and fiber 30 was the surface 
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area of contact between the explants and media during the first 4 weeks of culture. 
However, plantlets in fiber 20 often had higher % DW compared to fiber 30 
plantlets (data not shown). Beside the difference of contact surface, there was no 
difference for FW, DW and hyperhydricity. As seen in previous work (Chapter 2), 
keeping plantlets in the gaseous phase, using floating paper and agar, resulted in 
better quality plantlets (less hyperhydric) with a higher multiplication ratio 
compared to immersing plantlets into the liquid phase. Fiber creates a matrix 
system that reduced media uptake, prevents hyperhydricity and may help to 
improve biomass production. 
  58 
1: Dead plantlets, or very swollen leaves and stems, leaves senescence  
(S. lateriflora, A; S. costaricana, B; S. baicalensis, C)     
A                                 B                               C 
   
2: Very brittle or succulent, crunchy or curly leaves with very thin,  
or swollen stem turning purple or dark green (S. lateriflora, A;  
S. costaricana, B; S. baicalensis, C)     
A                               B                                  C 
 
3: More leaves still brittle, strong stem (S. lateriflora, A;  
S. costaricana, B; S. baicalensis, C)     
 A                           B                               C 
 
4: Most leaves supple, not brittle, very healthy stem 
 (S. lateriflora, A; S. costaricana, B; S. baicalensis, C)     
A                                B                              C 
   
5: Almost perfect plantlets, supple leaves or stems (S. lateriflora, A; S. 
costaricana, B; S. baicalensis, C)     
 A                              B                               C 
 
 
Figure 3.1 Subjective hyperhydricity scale for Scutellaria species 
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Figure 3.2 Fresh weight of Scutellaria lateriflora plantlets on agar, 
fiber and immersed liquid after 8 weeks in vitro
Figure 3.3 Dry weight of Scutellaria lateriflora plantlets on agar, 
fiber and immersed liquid after 8 weeks in vitro
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Figure 3.4 Percentage Dry weight of Scutellaria lateriflora plantlets on agar, 
fiber and immersed liquid after 8 weeks in vitro
Figure 3.5 Multiplication ratio of Scutellaria lateriflora plantlets on agar, 
fiber and immersed liquid after 8 weeks in vitro
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Figure 3.6 Hyperhydricity of Scutellaria lateriflora plantlets on agar,
fiber and immersed liquid after 8 weeks in vitro
Figure 3.7 Water use by per Scutellaria lateriflora plantlets on agar, 
fiber and immersed liquid after 8 weeks in vitro
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Figure 3.8 Fresh weights of Scutellaria costaricana plantlets on agar,
fiber and immersed liquid after 8 weeks in vitro
Figure 3.9 Dry weight of Scutellaria costaricana plantlets on agar, 
fiber and immersed liquid after 8 weeks in vitro
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Figure 3.10 Percentage Dry weight of Scutellaria costaricana plantlets on agar,
fiber and immersed liquid after 8 weeks in vitro
Figure 3.11 Multiplication ratio of Scutellaria costaricana plantlets on agar, 
fiber and immersed liquid after 8 weeks in vitro
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Figure 3.12 Hyperhydricity of Scutellaria costaricana plantlets on agar, 
fiber and immersed liquid after 8 weeks in vitro
Figure 3.13 Water use by per Scutellaria costaricana plantlets on agar, 
fiber and immersed liquid after 8 weeks in vitro
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Figure 3.14 Fresh weight of Scutellaria baicalensis plantlets on agar, 
fiber and immersed liquid after 8 weeks in vitro
Figure 3.15 Dry weight of Scutellaria baicalensis plantlets on agar, 
fiber and immersed liquid after 8 weeks in vitro
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Figure 3.16 Percentage Dry weight of Scutellaria baicalensis plantlets on agar, 
 fiber and immersed liquid after 8 weeks in vitro
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Figure 3.17 Multiplication ratio of Scutellaria baicalensis plantlets on agar, 
fiber and immersed liquid after 8 weeks in vitro
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Figure 3.18 Hyperhydricity of Scutellaria baicalensis plantlets on agar, 
fiber and immersed liquid after 8 weeks in vitro
Figure 3.19 Water use by per Scutellaria baicalensis plantlets on agar, 
fiber and immersed liquid after 8 weeks in vitro
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CONCLUSIONS
 Liquid culture plantlets were all hyperhydric and had more FW and DW, 
but lower %DW compared to agar, floating paper and fiber plantlets.
 Locating plantlets in the gaseous phase — agar, floating paper, fiber 20 
and fiber 30 — resulted in less hyperhydric plantlets with higher %DW and 
relatively greater multiplication ratio.
 Agar was not necessary to prevent hyperhydricity.
 Agar reduced availability of water and sugar compared to liquid.
 Fiber also reduced availability of water and sugar compared to liquid.
 Fiber helped to keep plantlets in the gaseous phase and provided 
significantly higher % DW with lower hyperhydricity compared to liquid culture 
treatment.
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APPENDIX A
Fiber Characteristics
Table A-1 Different fiber characteristics for the nonwoven fabrics used in tissue 
culture experiments
Fiber %
Fiber      
Diameter 
(micron)
Fiber Type
Fiber   Cross-   
Section
Fiber 
Length
25 20 Bicomponent 
Polyester Fiber
    Round 1.5”
75 40 Orange 
Polyester  Fiber
    Round 2"
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